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CATHEP IN D OF RABBIT SKIN: A 
ABSTRACT 
Cathepsin 0 , one of the major lysosomal proteinases, has been identified in rabbit s kin. A 
line of complete immunologic identity between crude skin extracts and pure rabbit liver 
cathepsin D was found in immunodiffusion studies using sheep antirabbit cathep;;in D 
antiserum . The addition of sheep antiserum against rabbit cathepsin D to skin extracts 
resulted in the precipitation of 85 percent of tbe hemoglobin-degrading activity measured at 
pH 3.2. Selective removal of the enzyme from the skin extracts by precipitation with 
antibody revealed that cathepsin D was responsible for degradat ion of skin protein a t acid 
pH . Cathepsin 0 may play a major role in both extracellular and intracellular catabolism in 
skin. 
Cathepsin D, one of the major lysosomal protein-
ases, is thought to play a significant role in both 
intracellular and extracellular protein catabolism. 
This enzyme degrades hemoglobin at acid pH, does 
not require thiol reagents or metal cofactorb for 
activity, and does not hydrolyze low-molecular-
weight substrates [ lj . Cathepsin 0 was originally 
isolated from bovine spleen [2] and it recently has 
been characterized in chick embryo skin [3] . Ca-
thepsin D has been purified from chicken, rabbit, 
and human liver by Barrett [4] and monospecific 
inhibitory antisera against the enzyme prepared 
[5, 6]. The antiserum prevented cathepsin D from 
degrading isolated cartilage and it also inhibited 
autolysis of cartilage, suggesting that cathepsin D 
is of major importance in proteoglycan degrada-
tion. Recently, we have demonst rated that cathep-
sin D is responsible for intracellular digestion of 
sheep lgG, hemoglobin , and proteoglycan in rabbit 
alveolar macrophages (7]. 
This paper describes the isolation, charactertza-
tion, and possible physiologic role of cathepsin Din 
rabbit skin. 
MATERIALS A.'ID METHODS 
MaJe New Zealand White rabbits were obtained lrom 
the Strangeways Research Laboratories breeding colony. 
Agar was obtained from Difco Laboratories. and Sepha-
dex G-100 was obtained from Pharmacia Fine Chemicals. 
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Ox blood hemoglobin substrate was prepared accordin g 
to the method of Barrett jlj. Mono~pecific sheep anltsera 
to rabbit cathepsin D were the same preparations u~ed in 
the experiment~ described by Dingle. Barrett. and Wes· 
ton )6) . Purified rabbit cathep~in D and human cathep-
sin Bl were provided by Dr. A. J. Barrett 
Enzy me a.~.~ays. Cathepsin D was assayed according to 
the method ol Ba rrett (8) . Bnefly. 0.2ii ml of I M 
sodium-lormate buffer (pH 3.2). O.ii ml ol enzyme. and 
0.25 ml of 811l (w/vl hemoglobin substrate were placed in 
9-ml disposable test tubes and incubated at 45• C for I 
hr. At the end of the mcubauon. 5 ml of 2.5'r (w/v) 
trichloroacetic acid (TC A) were added and the tubes 
were vigorously mixed on a vortex. After LO min the 
mixture was filtered through a 9-cm Whatman #I lilter 
paper and the <lEuo was read in a Pye Umcam SP 3000 
automatic spectrophotometer. One unit ot activ1ty was 
defined as tha t quantity which produced an increase in 
extinction (t.E,.J of 1.00 in the assay during 1 hr under 
the specified condiuons. In certain experiments a modi-
fied Lowry a!;~ay on the TCA liltra te was performed [9) . 
To 1 ml of the ftltrate , 2.5 ml of modified copper reagent ( 10 mg Na. citrate, ii mg Cu~m •• 6-10 mg :\aOH. and 2.0 
gm Na.COJIOO ml distilled waterl were added a.nd 
allowed to incubate lor 10 min at room temperature 0.25 
ml of Folin Ciocalteau reagent diluted I to :1 with 
distilled water was added, incubated for au mm and the 
t.E-,00 was read. Tyro;.ine in 2.5~ (w/vl TCA l:>erved as 
standard. 
In other experiments 8~ (w/vl casein and 8"t (wA l 
bovine serum albumin ~en·ed as substrate<;. All as~ays 
were done in duplicate and control values were obtained 
by adding the enzyme preparation to the incubation 
mixture after the addition ofTCA 
Cathepsin Bl wal:> measured h~ the reh!a!.e ol p 
nitroaniline from benzoyl-D,L-arginine p-nitroanilide 
according to the method of Barrett )10]. 
Buffers. The following buffen. were used to investigate 
the effect of pH: lormtc ac1d .\aOH. pH 3.0; aceuc 
acid :-.JaOH. pH 4.0 and pH 5.0; sodium pho~phate. pH 
6.0 and pH 7.0; Tris-HCI, pH 8.0 and pH 9.0; and sodium 
carbonai.e-bicarbonate, pH LO. 
Protein assay. Protein was determmed hy the method 
of Lowr) et al (91 and crysta lline bo"ine serum albumm 
was used as standard 
Enzyme preparatton. Rabbits were sacrillced by cervi 
cal d islocation; the hair was removed with a clipper and 
the dorsal sktn was dissected free of underlying subcuta-
neous tissue. The tissue was ground in an ice-cold tissue 
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grinder and homo~:enized in 7 volumes ol ice-cold pho.~­
phate buffered saline (i'laCl 8 gm, KCl 0.~ gm, KH,PO, 
0.2 gm, Na,HPO, 115 gm in 1000 ml H,O, pH 7.4) in a 
Polytron homogenizer !Bnnkmann Instruments) set at 10 
for 1 mm Durin~( thiS procedure the temperature was 
kept below w• C by homo~:enizing in an ice-jacketed 
con tamer for lO-see bursts followed bv 30-~ec re.tl;, The 
homogenate was allowed to extract fo; 12 hr at 4 C with 
slow stirring alter which the particulate ~ediment was 
removed by centrifugation at 10.000 )( R for 30 min. The 
clear supernatant fraction was used r·or all further experi· 
ments. 
Sephadex chromatography. Four ml ol sample were 
layered on a bed of Sephadex G-100 (~.n l'm , 40 em, 200 
eel which had been equilibrntt·d with nO mM phosphate 
buffer, pH 7.5, at -1° C. The column was eluted at 30 ml 
per hr and :'1-mllrnctions were collected. The column wah 
calibrated for comparison of molecular weights by apply-
ing a sample (-1 mil contammg dexlran blue f4 mg), 
potassium ferricyonidt> (I mg). hovine!>erum albumm (15 
mg), el(g albumin ( 15 mgJ . chymotrypsmogen 15 mg), 
cytochrome C (6 mg), and 10 units of highly purified 
rabbit liver cathepsm 0 
Immunodiffusion . Ouchterlonv double-diflus1on ex-
periments werl' performed by s11indard techniqu~. Ap-
propriate concentrations of crude ~km extract and puri -
fied cathepsin 0 were selectt>d by preliminary experi-
ments usmg senal dilution ol antigen with constant 
concentration ol antiserum 
Precipitation of cathep.~m D from ti~.,ue homopenates 
by catht>psm D ant1body. Sheep antirahbit cathep:;in D 
(0-200 microliters) and sufftc1ent normal serum to make 
a total of 2.2 ml were added to duplicate 2-ml samples of 
crude skin extract. rhe LUbe~ were mcubated at3i° C for 
45 min and then allowed to incubate for an additional 12 
hr at -1 ° C. The incubauon mixtures were centrifuged at 
10,000 -< g for 10 min and the ,upernatant fraction 
removed. The precipitate wa;, redissolved in 2.1 ml of 
formate buller. pH 1.2, by \' tgorouJo m1xmg at 4° C Both 
precipitate and supernatant. which had been carelullv 
adjusted to pH :1.2. were assayed for cathepsin D · 
After determinin~t the most ellet:m e rauo of an-
tiserum/extract for prectpltation, ~ ml ol sheep antirah-
btt cathepsin D antiserum or normal sheep serum were 
added to 20 ml of skin homogenate. After precipltatton, 
as d~cribed prenously. aliquots ot the supernatant 
fraction were dialyzed for 1:! hr against appropriate 
buffers and the proteolytiC acttvity a~:ainst hemoglobin 
was meru;ured as a luncttcm of pH. 
Effect of cathepMn D ant1.~erum on autoiJ.~IS <Fig. ll. 
An 8-week-<>ld male rabbit was sacriliced. his don;al skin 
was removed and the subcutaneous tat was remo\·ed hv 
careful dissecuon . The tissue was cut toto ;)-mm square~ 
and washed for 6 hr in ice-cold phosphate-buffered saline. 
The skm was rapidlv frozen and thawed 6 times in liquid 
nitrogen and allowed to extract for 12 hr m i volumes of 
phosphate-buffered saline. The "enzyme depleted tiS· 
sue" was removed by centrifugatiOn at 10,000 . g for :JO 
min and frozen until used. The "enzyme rich ext ran" 
was di\ ided into two pnrb; one fraction had catbepstn D 
removed by prectpitauon with antiserum as de:;crihed 
previously and is designated "extract without catbep!>ln 
D." The other aliquot was treated with an equal volume 
of preimmune ,erum and is referred to as "enzvme ncb 
extract " One gm of the enzyme-depleted t~ue was 
added to 2 ml of the appropnate buffer and 2 ml ol either 
the normal or cathepsin D-depleted enzyme extrat•t. 
Triplicate samples at vanou, pHs were allowed to 
incubate for 8 hr at 45° C. Incubation was stopped by 
RABBIT SKIN 
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Ftc; I: Experimental scheme for evaluating the role of 
cathepstn 0 to degradation ot enzyme-depleted rabbit 
!>kin. 
coohng the tubes 1n ice and removing the tissue by 
centritugation at 10.000 x R for 10 mtn 14 CJ Tn I ml of 
solution. I ml nf 3'>1: (w/vt TCA was added: after 15 m1n 
I he large- molecular weight pepude~. whtcb bad precipi-
tated, were removed by l"iltration through a Whatman #1 
filter paper and the fill rate was al;11,8yed for protein as 
previously described . 
A further~ ml ot the linalllupernatant was inl'uhated 
with I mg ol papain and 2 ml of 100 mM pho.phate 
buffer, pH 6.5. which was -1 ml\1 with respect to cysteine 
and dtsodium EOTA Alter ~ hr of incubation at 65• C 
the solution was diluted to 5 ml "ith water and o.a ml of 
I' cet~·lpyridmium chlnnde Wll!> added. The tlO(.'culant 
prel'ipitate, which lormed overnight. wa;, harvested by 
centrifugation al 10.000 g for 15 min and redissolved in 
2 ml ol I M :\aCl whil·h was 5 pt>rt·ent with re:<pt>ct to 
ethanol. The solution was divided into t\loO 1-ml portions 
and, to each, ·I ml of ab»>lute ethanol wa:. added. The 
following mornin~ the precipitate was collected by cen-
tnlugat ion. Onl' aliquot wa,. redissolved in 1.5 ml of water 
and two 0.5-ml samples were a>;sayed for urontc acid 
according to th~ method of Bitter and ~tuir (11(. To the 
other precipitate, 0.:15 ml of water and 0.65 ml of con~tant 
bniling HCI were added After hydrolysi~ for I hr at 
100° C. total bexQ!>amme. glucosamine. and galactosa-
mine were mea.wred by the method ot Sl'ott (12[. Similar 
expt>riments, in f riplicme, were performed at pH 4 and 
pit 7 and TCA -snluhle peptide relea;,e was measured as a 
function olllme 
RESIJLTS 
Rabbit skm was extracted using a variety of 
solvents and technique~. Hemoglobtnolytic acti\-
ity was extracted equally well with flO mM phos· 
phate buffer !pH 7.51. SO mM Tris buffer !pH 7 .• '>1. 
or pho;.phate-buffered saline. When proteolytic 
activity of the skin extract was studied as a 
function of pH (Fig. 2. open circles) a broad peak of 
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FIG. ~: The ellect ol crude skm extracts (0--0 J and 
!'ktn extract~ depleted ol cathepsm D by precipitation 
with specific antibodv re - e J on hemoglobin degrada-
tion asH runct ion of pH. 
hemoglobtn-degradmg acttvity wa>. seen in the acid 
pH range . ."imilar results were obtamed when 
albumin and casetn were u~:.ed as substrates. The 
additton ol KCI at a final concentration of I M to 
any ol the extraction butTers resulted in a 50 
percent mneasc in pH :1 and pH 1 hemoglobin -
degradtng activity. The addition of 11 11nal concen-
tration of l mM disodtum EDTA. l mM p-
chloromercuribenzoate. or l mM cysteine had no 
effect on hemoglohinol) tic activity. Pepstatin, an 
inhibitor of cathepsin D, in a final concentration of 
100 ,ug per ml inhibited 90 percent <>f the hemn-
globinolytic activit~ belov. pH 5. 
Chromatographv of crude extracts ol skin 
revealed a single peak of proteolytic activity 
against hemoglobin at pH :t:l (Fig. :3). The elution 
position of the proteina>.e was identical to that of 
pure rubhit liver cathepsin D. Double diffusiOn of 
sheep antirabbit eathepsin 0 antiserum against 
skin extract and lO unns of pure rabhit liver 
cathepsin D demonstrated a line ol complete 
identity (Fig. ll. 
Eighty-live percent ol the proteolytic activity 
against hemoglobin at p H :l could be removed from 
a crude skin extract by precipitation '"ith specific 
anticat hepsin D antiserum (Fig. 5). Furthermore. 
the cathepsin D activity could be quantitatively 
recovered from the predpitate. Ten to fifteen 
percent of the hemoglobin-degrading activtty at 
pH :l could not be precipitated by antiserum; 
whether this rell ects incomplete precipitation of 
cathepsin D or is due to the presence of another 
acid proteinase, such as cathep,in E. in the extract 
is not clear. ' peciltc removal of cathepsin 0 by 
precipitation with antiserum demonstrated that 
the majority ol acid hemoglobinolyuc activity in 
rabbit skin \\as <·athepsin D (Fig. 2). In addition, 
' this immunoprecipitation experiment revealed the 
presence of a second enzyme in the crude skm 
extract which wa~:. capable ol degrading hemo-
globin at neutral pH: without immunoprecipita-
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Fie: . :1: Chromatngraphy ol crude skin extract on 
Sepbadex G-100 (50 mM phosphate buffer, pH 7.5, 4" Cl. 
--E.... • --• hemoglobinolyttc activity of crude 
skm extract (.lE,. •. pH 3.21: 0-- 0 pure rabbit liver 
cathepsin D (j,E110• pH :1.2). 
Ftc:. 4: lmmunodtfluslon plate of s heep antirabbit 
cathepsin D antiserum (AS) against pure rabbit liver 
cathepsin D lCD) and crude skin extract (SE). 
tion this second enzvme would have undoubtedly 
been overlooked. [I :1, t J -
Adult rabbit skin had l unit of cathepsin D per 
gm of wet wei~ht or 0.6-l units of enzyme per mg of 
protein 111 the extract. Rabbit skin cathep in D and 
pure rabbit liver cathepsm D were capable of 
degradmg casetn at pH 5.5 and 55° C. One-quarter 
i Lazarus GS. Barrett A,J: L npublished data 
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Antiserum(~!) 
Ftc. 5: The precipitalion of cathepsin D from rabbit 
skin by sheep antirabbit cathepsin D antiserum. Cathep-
sin D activity of supernatant (e --e) and of precipitate (0--0) as a function of the amount of antiserum. 
unit of cathepsin D which gave a 6E210 of 0.240 per 
hr with hemoglobin under standard conditions at 
45° C produced a AE210 of 0.075 when casein was 
used as substrate at 55° C, pH 5.5. 
Attempts to demonstrate cathepsin Bl in our 
extracts by the BANA assay were repeatedly un-
successful, and addition of highly purified cathep-
sin Bl to our extracts demonstrated the presence 
of inhibitor(s}. Attempts to remove the inhibitor 
by autolytic degradation, ionic dissociation, and 
chromatography on Sephadex G-100 were unsuc-
cessful. Whether cathepsin Bl is present in rabbit 
skin is still unknown. 
The ability of cathepsin D to degrade skin 
protein was studied by a series of autolytic degra-
dation experiments (Fig. 1}. Freezing and thawing 
rabbit skin 6 times released all of the cathepsin D 
into solution; repeated freezing and thawing or the 
addition of Triton X-100 to a concentration ofO.lCJI-
to the tissue did not release any further enzyme. 
Incubation of enzyme-depleted skin with an en-
zyme-rich extract of skin resulted in the release of 
TCA-soluble peptides from the tissue into the 
medium. The release was linear over an 8-hr period 
at pH 4 or pH 7. Such data suggest that the 
enzyme preparation was enzymatically degrading 
structural proteins in the skin to TCA-soluble 
peptides. Cathepsin D was selectively removed by 
immunoprecipitation from an aliquot of the en-
zyme-rich extract; this preparation was then incu-
bated with enzyme-depleted skin and the TCA-
soluble peptides released were compared with an 
extract to which normal sheep serum bad been 
added (Fig. 6). It is concluded that the majority of 
proteolysis detected below pH 5 was due to cathep-
sin D. A second peak of autolytic activity inde-
pendent of cathepsin D was seen at neutral pH. 
The appearance of material containing uronic 
acid and hexosamine in the incubation medium 
appeared to be independent of the presence of 
cathepsin D. This surprising result is probably 
explained by the observation that large quantities 
of proteoglycan were freely diffusable from skin 
into the medium. These large passive fluxes of 
uronic acid and hexosamine may have obscured 
cathepsin D-dependent release of structural pro-
teoglycans. 
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Ftc. 6: The effect of cathepsin Don the production of 
TCA-soluble peptides from enzyme-depleted rabbit skin 
according to experimental scheme in Fig. 1. The produc-
tion of TCA-soluble peptides from skin by crude skin 
extract (0--0) and cathepsin D-depleted crude skin 
extract (e - - - e ) as a function of pH. 
O!SCUSSJON 
Cathepsin D is an acid proteinase which has 
been extensively studied by Barrett [1]. The en-
zyme has a molecular weight of about 42,000 and 
several isoenzymes are usually recognized in isoe-
lectric focusing experiments. The enzyme hydro-
lyzes hemoglobin optimally at pH 3 and it de-
grades cartilage proteoglycan at pH 5. Studies by 
Morrison (14) suggest that cathepsin D degrades 
cartilage by cleaving the protein core of the pro-
teoglycan in a manner similar to trypsin. Cathep-
sin D has little effect on low-molecular-weight 
substrates. The enzyme is classified in Hartley's 
scheme as an acid proteinase since it is not 
inhibited by diisopropyl fluorophosphate and it is 
not dependent upon thiol reagents or metal ions for 
activity [15 ]. It, like pepsin, is sensitive to inhibi-
tion by pepstatin [16] . 
The majority of the acid hemoglobin-degrading 
activity in rabbit skin extracts appeared to be 
cathepsin D since the acid proteolytic activity 
co-chromatographed on a Sephadex G-100 column 
with rabbit liver cathepsin D, was not inhibited by 
EDTA or tbiol reagents, but was inhibited by 
microgram quantities of pepstatin. Double-diffu-
sion plates of sheep antirabbit cathepsin D an- ' 
tiserum against pure rabbit liver cathepsin D and 
crude skin extract demonstrated a line of complete 
identity. There was, therefore, both biochemical 
and immunologic identification of cathepsin D in 
rabbit skin. 
Cathepsin D probably accounts for much of the 
acid proteolytic activity of skin described by • 
Jansen and Hopsu-Havu l17, 18]. Since cathepsin 
D is capable of degrading casein at pH 5.5, it is 
reasonable to assume that this enzyme might also 
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be responsible for the caseinolytic activity ob-
served by these investigators at pH 5.5 in certain 
skin extracts. 
lmmunoinhibition is a very effective means of 
elucidating the role of enzymes in physiologic and 
pathologic conditions but such immunoenzymic 
experiments require specific antiserum. The sheep 
antirabbit cathepsin D antiserum used in our 
studies was prepared by injecting sheep with pure 
rabbit liver cathepsin D [5 j. Immunodiffusion of 
the antiserum against extracts of crude rabbit liver 
revealed a single precipitin line; in addition, the 
antiserum did not inhibit a wide variety of lysoso-
mal proteinases. Inhibition of cathepsin D by such 
antisera was not dependent upon precipitation 
alone since univalent antibody fragment. obtained 
by proteolytic digestion of the antibody, also 
completely inhjbited enzyme activtty 161 . 
Cathepsin D antiserum was capable of quanttta-
tively precipitating cathepsin D from a crude skin 
extract. The active enzyme could be recovered 
from the immunoprecipitate and quantitated since 
the immune complex dissociated at the pH of the 
assay mixture (pH 3.2). Such imrnunoprecipita-
tion experiments demonstrated that cathepsin D 
was responsible for the majority of acid hemo-
globinolytic activity in skin extracts. These im-
munoprecipitation experiments also revealed a 
neutral proteinase. This neutral proteinase is being 
investigated presently, and it appears to be capa-
ble of degrading structural protein and inducing an 
inllammatory response [1:3, *I· 
Lysosomal structures have been repeatedly ob-
served morphologically in human and animal skin 
[191. Biochemical studies of lysosomes have been 
sparse but Dicken and Decker [201 have shown 
that epiderm is contains many of the lysosomal 
enzymes. The absolute identification of cathepsin 
Din skin and our immunocytologic studies demon -
strating cathepsin D in epidermis [§] support the 
notion of the existence of epidermal lysosomes. 
Cathepsin D was implicated in vitamin A-
induced fetal cartilage degradation in chicken by 
the studies of Dingle [21] and Fell and Dingle [221. 
Subsequent studies suggested that cathepsin D 
played a role in fetal skeletal tissue resorption in 
cultures treated with such diverse a~ents as com-
plement-sufficient antiserum, nonmetabolizable 
sugars, oxygen toxicity, and parathyroid hormone 
[23]. The extracellular release of proteinase activ-
ity by freezing and thawing chicken limb bones 
results in almost complete degradation of the 
cartilage proteog\ycan at pH 5. Cathepsin D an-
tiserum prevented 95 percent of the cartilage 
degradation in such autolytic experiments, sug-
gesting that cathepsin D is the principal agent of 
carti lage matrix degradation [23] . 
A possible role for cathepsin D in skin catabo-
' \ism was established by our autolysis experiments. 
Enzyme extracts of skin are capable of maximally 
§Lazarus GS, Poole AR: Unpublished data 
degrading tissue proteins at pH -1 and pH 7. 
Removal of cathepsin D from such a crude skin 
extract results in almost complete loss of abilit) to 
degrade protein below pH 5. These data suggest 
that cathepsin D is the enzyme which is responsi-
ble for autolytic extracellular proteolysis at acid 
pH. Other immunoenzymic studies have shown 
that cathepsin D plays a major role in intracellular 
degradation [71. lncubatton of cathepsin D an-
tiserum with rabbit alveolar macrophages arrested 
the intracellular digestion of sheep IgG, hemo-
globin, and proteoglycan. Cathepsin D. therefore, 
may be involved in both stages of protein digestion 
in skin [231; it could insti~ate an initial stage of 
extracellular dewadat ion and then, after endocyto-
sis, participate in hydrolysis in the digestive vacu -
oles of the lysosomal system. 
The authors thank Mrs. Jackie Medley who provtded 
excellent technical assistance. 
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